Abstract Prenatal psychosocial stressors may increase the risk of wheeze in young offspring, yet little attention has been given to the effects that maternal ethnicity may have on this relationship. From a population-based cohort of 1193 children, we assessed the effect of maternal prenatal stressors on the risk of lifetime wheeze in young offspring. We further studied whether maternal Latina ethnicity modified these associations. The risk of wheeze in the offspring was increased from high levels of pregnancy anxiety (aRR 1.40, 95 % CI 1.07, 1.83), negative life events (aRR 1.36, 95 % CI 1.06, 1.75), or low paternal support (aRR 1.41, 95 % CI 1.02, 1.96). The risk of lifetime wheeze was stronger in the offspring of Latina mothers than of White mothers for these same stressors. Multiple maternal prenatal stressors are associated with increased risk of lifetime wheeze in young offspring, with slight effect modification by Latina ethnicity.
Background
Recently, several studies have investigated the contributions of prenatal psychosocial stressors to the occurrence of respiratory illness in the offspring [1] [2] [3] [4] [5] [6] [7] . This hypothesis is part of the phenomenon known as ''fetal programming,'' which postulates that during critical periods of fetal development, certain stimuli or insults can have lifelong and even trans-generational effects [8] . Maternal prenatal stress may alter the maturation of the fetal immune system, potentially shifting the balance towards a Th2-response that has been related to atopic disease, such as asthma. Additionally, the developing hypothalamus-pituitaryadrenal (HPA) axis may be affected by maternal stress mediated through excess placental secretion of corticotrophin releasing hormone (CRH), potentially influencing the developing fetal immune system [9, 10] .
Theoretical/Conceptual Framework
Different stressors (e.g. chronic, acute, transient) may elicit different physical and emotional responses. Stress exposures, perceptions, and responses may also vary culturally. Ethnic minorities and low-income women tend to report more chronic stress and discrimination, and less practical or emotional support from family and friends, which may influence coping mechanisms [11] [12] [13] . Previous reports have typically considered only one stressor or affective state per study (e.g. maternal bereavement, negative life events, maternal demoralization) [3, 4, 6, 7] and/or simply adjusted for race/ethnicity [1, 2, 5] rather than evaluating possible modifying effects of race/ethnicity which may be more elucidating when trying to understand the complex construct of perceived stress.
In the present analysis, we use population-based data from Los Angeles, CA to study three pregnancy stressors (pregnancy anxiety, acute stress from negative life events, chronic stress) and paternal support on subsequent risks for wheezing in the young (*3.5 years old) offspring. We also examine the influence of maternal ethnicity and nativity on these associations.
Methods Participants
The UCLA Environment and Pregnancy Outcomes Study (EPOS) was originally designed to assess effects of air pollution on birth outcomes as previously described [14] . The source population was identified from all live births between January 1-December 31, 2003 to mothers who resided in one of 111 Los Angeles County ZIP codes (41 % of all LA County births). The final cohort consisted of 58,316 eligible births (87 % of the original total). Cases of low birth weight (\2500 g) or preterm birth (\37 completed weeks gestation) were selected, and an equal number of randomly sampled controls (C2500-g weight and full term). Of the 6347 women sampled, 2543 were interviewed in English or Spanish (40 % response rate) at 3-6 months post-partum and provided detailed information on pregnancy exposures and behaviors.
In 2006-2007, the UCLA Environment and Child Health Outcomes Study (ECHOS) re-contacted EPOS participants to study the same offspring's respiratory health at the average age of 3.5 years. 1201 women participated in the survey by phone or mail (49.3 % of those who agreed to be re-contacted); the majority of attrition resulted from the inability to locate women in Los Angeles from mail, telephone, or family/friend contacts initially provided 3 years prior [15] .
Measures
In follow-up 2006-2007 interviews (ECHOS), we assessed respiratory health via maternal report according to the International Study of Asthma and Allergies in Childhood (ISAAC) questionnaire for 6-7-years-olds [16] . For the primary diagnosis of interest 'lifetime wheeze,' we asked ''has your child ever had wheezing or whistling in the chest at any time in the past?'' In sensitivity analyses, we defined 'current wheeze' as ''wheeze or whistling in the chest in the past 12 months,'' 'asthmatic symptoms' as positive response to the question has a ''doctor diagnosed asthma with dry cough at night and/or wheeze.'' In exploratory analysis, 'otitis media' was defined as three or more ''doctor diagnosed ear infections over the child's life.'' 1193 children in the sample had information on respiratory outcomes.
We previously described our stress measures and performed all summations and categorizations for this analysis in the same manner [17] . In the baseline survey (EPOS), we asked women to recall three types of stressors pertaining to the pregnancy period: pregnancy anxiety, chronic stress, acute stress due to negative life events, as well as paternal support. These measures are subsets of validated stress measures selected for their brevity and their ability to predict adverse birth outcomes [18] [19] [20] . Pregnancy anxiety was operationalized by: ''I was fearful about the health of my baby or about losing my baby during pregnancy.'' Responses were provided via four-point Likert scales (not at all, moderately, somewhat, very much). Chronic stress was estimated using four questions from the Perceived Stress Scale [21] , a validated instrument measuring perception of stress: (1) ability to control things, (2) difficulties piling up, (3) confidence in ability to handle problems, and (4) how often things were going the respondent's way. Responses were given on a five-point Likert scale (never, almost never, sometimes, fairly often, very often). We calculated cumulative totals from the four questions and categorized the scores as low (4) (5) (6) (7) (8) , moderate (9) (10) (11) (12) , and high (13?) chronic stress. Acute stress was assessed in terms of six major negative life events that occurred during pregnancy (1) loss of car/job/home, (2) serious arguments with partner, (3) close acquaintance with health, drug or legal problems, (4) anyone close having died, (5) having been threatened with physical harm, or (6) having been exposed to discrimination due to race/ethnicity. We summed the negative life events as 0 events, 1 event, and 2? events.
Paternal support was operationalized in three questions: ''does your partner show you respect/care,'' ''criticize you,'' and ''support you financially,'' answered on a fivepoint Likert scale (never, almost never, sometimes, often, almost always). We summed the answer to the three questions and defined low support (3) (4) (5) (6) (7) (8) , moderate support (9-11) and high support (12?).
Covariates derived from the 2003 birth certificates and assessed in this analysis include maternal age at delivery, education and race/ethnicity [non-Latina White (hereafter referred to as White), Latina, Black/African American, and Asian/other], gestational age at birth, preeclampsia, pregnancy complications, gestational diabetes and sex of the child. The 2003 baseline survey provided information on maternal pregnancy smoking and annual income. In 2006-2007 ECHOS interviews, we collected data on current smoking in the residence, maternal history of atopy, maternal nativity (US vs. foreign born), and months of exclusive breastfeeding as defined in Table 1 .
Analysis
We estimated risk ratios (RR) for the three types of stress and paternal support on wheeze, asthmatic symptoms and otitis media at age 3-4 years using Poisson regression models with robust error variance and a log link function [22] . We analyzed the stressors individually in separate models due to the correlation between stressors. Multivariate analysis was conducted including potential confounders previously described, selected based upon literature or a [10 % change in risk estimate for the pregnancy stressors. Pregnancy complications, preeclampsia and gestational diabetes showed no evidence of confounding the associations of interest and were thus removed from models. There were too few respondents (n = 6) among those with wheeze who affirmed current smokers in the house to include in adjusted models, however, exclusion of those who currently smoked from adjusted models did not change estimates by [10 % [23] . Similarly, we were missing 11.6 % of responses about household income, however, its inclusion in adjusted models did not change the effects by [10 %. In our data, income had a correlation of 0.63 with maternal education, thus only maternal education was used in adjusted models.
We adjusted models stratified by ethnicity using propensity scores to account for the limitations of small strata. Propensity scores were created by regressing covariates from the fully adjusted models on each individual stressor in a multinomial logistic regression, with inclusion of the predicted probabilities of exposure in the final model. Stratification by race/ethnicity was limited to White mothers and Latina mothers; strata for Black/African American or Asian/Other individuals were too small for analysis (n = 70 and 105 respectively). Within the Latina stratum, we further stratified by maternal nativity (US-born vs. foreign-born).
In sensitivity analyses, inverse probability censoring weights (IPCW) were applied to assess the impact of attrition in the cohort. Within the EPOS (baseline) study, maternal age, race/ethnicity and education were all associated with the probability of being censored, and were regressed on a censoring variable to create censoring weights. In a separate sensitivity analysis examining each stressor and lifetime wheeze, the sample was re-weighted to adjust the prevalence of preterm births in the sample (39.7 %) to equal 10 % as observed in the general population. Finally, risk ratios for current wheeze, asthmatic symptoms and otitis media were calculated for each individual factor adjusting for the variables listed above.
The objective of UCLA Environment and Pregnancy Outcomes Study was to assess prenatal air pollution exposure on birth outcomes, and we did find an association between air pollution in the sample and preterm birth [14] . However, we did not find an association between our measured air pollutants and wheeze in the offspring of our sample, and thus air pollution was not included in our adjusted models. Given the association between air pollution and preterm birth, we did adjust for preterm birth in addition to re-weighting of our preterm births in sensitivity analyses.
The UCLA Office for Protection of Research Subjects and the California Committee for the Protection of Human Subjects approved this research; informed consent was obtained from all participants.
Results
Of the 1193 women in the ECHOS sample, a majority were Latina (59.6 %) or non-Latina White (25 %). Of the Latina mothers, 68.1 % were foreign-born, predominantly in Mexico. Ages of the offspring ranged from 2.3 to 5.8 years, with a median age of 3.5 years. Of all women in the sample, 25.5 % of the offspring (n = 304) had a lifetime history of wheeze, and 14.1 % (n = 168) had wheezed within the last 12 months. Children with a lifetime history of wheeze were more likely to be born to Black/African American or US-born Latina women, to have been born preterm, and more frequently had a mother with a history of atopy. Frequencies of maternal pregnancy stress variables also differed as displayed in Table 1 .
In multivariate adjusted models (Table 2) , the risk of lifetime wheeze in the offspring was increased when the mother reported high pregnancy anxiety, high numbers of negative life events, or low paternal support in separate models. Level of chronic stress also increased the risk of lifetime wheeze, but confidence intervals crossed the null. IPCW analysis did not appreciably change the results.
When stressors were individually analyzed in models stratified by ethnicity (Fig. 1) , the risk of lifetime wheeze was higher in the offspring of Latina mothers than the offspring of White mothers when having reported high pregnancy anxiety, 2? negative life events, or low paternal support in pregnancy, although the confidence intervals of the estimates largely overlapped. The risk of lifetime wheeze from high levels of prenatal chronic stress was higher in the offspring of White mothers than in offspring of Latinas. Further stratification among Latinas by nativity (data not shown) resulted in no appreciable differences in the risk of wheezing in the offspring between foreign-born and US-born Latinas resulting from the stressors, with the exception of low paternal support, where offspring of US- In sensitivity analyses (Table 3) for current wheeze (within the last 12 months) we estimated similar sized effects as for lifetime wheeze for all factors except for paternal support, where low paternal support had a stronger association with current wheeze in the offspring. Point estimates for associations between the three stressors and paternal support and asthmatic symptoms in the offspring indicated increased risk from each of the stressors, but all confidence intervals crossed the null. Finally, 2? negative life events and low paternal support increased the risk of three or more infections with otitis media, but confidence intervals crossed the null.
When preterm birth was down-weighted to represent 10 % of the sample, point estimates did not change by greater than 10 %; confidence intervals became slightly wider (data not shown).
Discussion
Using measures on three types of stress and paternal support during pregnancy, we found that a woman's anxiety about the health of the baby during pregnancy, negative life events, and low paternal support in pregnancy increased the risk of lifetime wheeze in the offspring. The strength of the association with lifetime wheeze in the offspring did not differ by stressor. However, upon examination by ethnicity, Latina mothers tended to have greater magnitude risk estimates for wheeze in their offspring resulting from pregnancy stressors.
Our interest in examining ethnicity as an effect modifier stemmed from a recent analysis suggesting that the perception and vulnerability to stress may vary by race/ethnicity. In the analysis, levels of maternal perceived stress, maternal negative life events and pregnancy stress differed by race/ethnicity within income categories [24] suggesting that racial/ethnic differences in stress burden persist independent of income. While our sample sizes within strata were small, we also found evidence for differences in risk of wheeze to the offspring of White and Latina mothers, with greater risk of wheeze incurred in the offspring of Latinas from pregnancy anxiety, 2? negative life events, and low paternal support. This modification by ethnicity may be a result of Latinas having less access to resources that influence coping mechanism, such as financial means, adequate nutrition and exercise, increasing the vulnerability to wheeze in their young offspring. Pregnancy support programs designed to offer additional social support to low-income or minority women through prenatal care, social interaction and meditation have shown positive effects on preterm birth and birth weight [25] . While our paper was not designed to assess interventions such as these, investigation into whether these programs may also impact the respiratory health in the offspring through mitigation of pregnancy stressors may be warranted. We were interested to find that low paternal support was modified by nativity, with stronger risk of wheeze in the offspring of US-born Latinas. One explanation for our findings with respect to paternal support is that compared with both non-Latina White and foreign-born Latinas, USborn Latinas were less likely to be married or living with a partner, more likely to be teenage mothers, and less likely to breastfeed. Although we adjusted for these factors in our models, these patterns suggest there may be other unmeasured and less healthy behaviors during pregnancy, and the additional stress of low paternal support may then be even more detrimental to health in pregnancy and of young offspring among the US-born Latinas.
The few studies that have examined the risk of asthma from prenatal stressors found stronger evidence of an increased risk of asthma in older children (age 7?) [1] and males [6] . Our attenuated findings of prenatal stressors and asthmatic symptoms may reflect the difficulty of diagnosing asthma at the young age of our children. In addition, 39.6 % of those with asthmatic symptoms in our sample had mothers with atopy, and our wide confidence intervals may reflect heterogeneity in those with asthmatic symptoms and potentially different fetal programming mechanisms that result from prenatal stress in atopic and nonatopic respiratory disease [26] . Finally, we saw suggestions of an increased risk of otitis media from 2? negative life events and low paternal support. Otitis media results from infection with the hypothesized pathway of HPA alteration in the developing fetus resulting in compromised immune function [27] . Little has been published on prenatal stress and infections in human offspring, however, researchers did find an increased risk of hospitalization from any type of infection prior to age 15 in the offspring of mothers who suffered prenatal bereavement (RR 1.31, 95 % CI 1.27, 1.35) [28] . While our observations for otitis media are only suggestive, more research targeting this outcome may be warranted.
It was not possible in our sample to consider the effect of postnatal stressors as we did not ask about postnatal maternal stress in follow up interviews. A recent study found prenatal and postnatal stressors to be correlated (q = 0.56-0.6 in first 3 years of life) [4] , and one could hypothesize that alteration to the HPA axis from prenatal stress could prime the offspring for vulnerability to postnatal stress, further increasing the risk of childhood wheeze. However, given the biologic plausibility of the fetal programming hypothesis and work that has been done to elucidate the role of prenatal stress on immune function in animal models [29, 30] and in human cord blood mononuclear cells [31] , it is convincing that the mental health and wellbeing of the mother during the prenatal time frame independently contributes to the respiratory health in her offspring. Strengths of this study include the large population of immigrant Latinas, allowing us to investigate this oftenunderstudied group to examine effect measure modification by ethnicity and nativity, which, to our knowledge, has not been explored previously. Additionally, using three types of pregnancy stressors and paternal support allowed us to test whether different aspects or types of stress had differential effects on the risk of wheeze, which our data did ultimately not support.
Limitations in our study include that our stressors were recalled 3-6 months postpartum. This allows for the possibility of recall bias if wheezing occurred in the first 3-6 months; however, the similar magnitude in risk ratios observed with current wheeze in sensitivity analyses increased our confidence in the time sequence of events. Another limitation is our single-time point collection of respiratory outcomes, prohibiting the ability to distinguish between transient, persistent, or early or late-onset wheeze. Wheezing phenotypes are not reliably established until the age of six, and are quite different in their risk for subsequent development of asthma [32, 33] . There was also the potential of selection bias, as we were unable to locate 51 % of our sample between 2003 and 2006. However, our analyses utilizing IPCW did not meaningfully change our estimates of interest. Finally, our cohort was at higher risk than the general population as preterm birth may be on the causal path to childhood wheeze. In sensitivity analysis reweighting the cohort to mirror the population prevalence of preterm birth, estimates remained stable with slightly wider confidence intervals, suggesting that the increased risk of wheeze from prenatal stressors still persists in our sample without the over-contribution from those at higher risk.
New Contribution to the Literature
This work adds to the literature by examining different maternal prenatal stressors and the risk of lifetime wheeze in their offspring, and further exploring differences in the magnitude of risk between Whites and Latinas. As both asthma and wheeze have higher prevalence in minorities and disproportionately affect children [34] , the identification of potentially modifiable risk factors such as maternal prenatal stress is of great public health importance. Further, the identification of stressors that may be more detrimental to select races/ethnicities could aid in targeted approaches to reducing maternal stress during this crucial development period.
